Introduction
Colorectal cancer is one of the leading cancer causes of mortality in the world and liver is the predominant site of metastases in majorities of this disease (Shin et al., 2012) . Evaluation of the metastatic liver nodules after treatment including chemotherapy is of crucial importance which can certainly lead us to earlier and more effective salvage treatment in an attempt to prolong survival. Response Evaluation Criteria in Solid Tumours (RECIST) has become the most frequently used response criteria for solid tumours (William et al., 2013) . Nevertheless, there are shortcomings and criticism regarding its use in a number of clinical circumstances such as gastrointestinal stromal tumor (GIST) which has created inevitable inter-observer variability and non-reproducible judgments (Yankelevitz et al., 2000; Reeves et al., 2007; Heussel CP et al., 2007; Benjamin et al., 2007; Plathow et al., 2008; Mantatzis et al., 2009; Galizia et al., 2011) . As RECIST is primarily based on measurement of the longest diameters of the target lesions in the transverse section, it is often a clinical dilemma for radiologists to determine the longest diameters when the target lesions merge to form a conglomerate mass or split into even smaller lesions after treatment (Sohaib et al., 2000; Reiner et al., 2009) . Instead, volumetric evaluation (VE) has gained a wider interest and acceptance as an alternative assessment method (Yankelevitz et al., 2000; Winer et al., 2003; Lemke et al., 2006; Vogl et al., 2008; Gavrielides et al., 2009; Frauenfelder et al., 2011; Galizia et al., 2011 ). An important theoretical advantage of VE is that it offers more accurate measurement and reflection of overall tumor burden in an organ which is with less inter-observer variability and better than the mere measurement of the maximum diameters of up to five indicator lesions per organ (Prasad et al., 2002; Tran et al., 2004; Reiner et al., 2009) . With regard to the similarities and potential discrepancies between these two assessment criteria, we carried out a retrospective study to evaluate their agreement and correlation, in an attempt to derive a more reliable assessment method of tumour response after systemic therapy for patients suffering from colorectal cancer with liver metastases only.
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Study design and treatment schedule
Patients who had regular interval CT scans during treatment with 1st line chemotherapy +/-cetuximab as response assessment for their metastatic colorectal cancer (mCRC) with liver-limited disease were eligible for this study for tumour response using RECIST and VE. Unenhanced and dual-phase (arterial and porto-venous) contrast CT scans were performed by a 64 multidetector CT scanner (GE Medical Systems, Milwaukee, USA) at baseline and then after 3-4 cycles of chemotherapy +/-cetuximab. The CT images were then transferred to Eclipse Treatment Planning System version 8.0 (Varian Medical Systems, Palo Alto, CA, USA), a commercialized radiotherapy planning system for manual contouring. VE was performed by manual contouring of all liver metastases at baseline and after chemotherapy +/-cetuximab on every slice of image captured in porto-venous phase. The whole liver was also contoured in all patients as well. The contouring process was performed by two oncologists who had received prior training in radiology and radiation oncology. The volumes of the whole liver, all liver metastases and the residual normal liver (difference between the whole liver and liver metastases) were then obtained. The longest diameter of each target lesion (up to five lesions) on the liver was determined by electronic calipers and summed up for RECIST evaluation. VE criteria as well as RECIST were listed in Table 1 as described by previous literature (Therasse et al., 2006; Eisenhauer et al., 2009) .
Patients
Thirty six patients treated with 1 st line palliative chemotherapy +/-cetuximab (at the discretion of treating physicians when there was no KRAS mutation) for their mCRC with liver metastases only at the Department of Clinical Oncology, Queen Mary Hospital between January 2008 to December 2010 were retrospectively reviewed. Ethics approval from local institutional review board was sought prior to study commencement.
Statistical Analysis
Statistical Package for Social Sciences (SPSS) version 20.0 was used for the statistical analysis. A two-sided p-value smaller than or equal to 0.05 was considered statistically significant. The agreement between VE and RECIST was examined using Cohen kappa which were then sub-classified into five categories: poor (κ=0-0.20), fair (κ=0.21-0.40), moderate (κ=0.41-0.60), good (κ=0.61-0.80) and excellent (κ=0.81-1.00) as previously mentioned (Therasse et al., 2000; Mantatzis et al., 2009) . Logistic regression was performed to investigate for factors, including age, sex, use of cetuximab, location of primary tumour, number of liver metastasis, largest diameter of the liver metastasis and the ratio of liver metastases to the volume of whole liver, which may be predictive of difference in OR between VE and RECIST. We further analysed the relationship between RECIST and VE. First of all, the aggregate volumes of liver metastases were obtained. If the total volume of the all metastatic liver target lesions were 20% larger than the baseline, it would be recorded as 1.2. Similarly if their total volumes were 20% smaller than the baseline, it would be 0.8. As VE is a three-dimensional measurement based the aggregate volumes of liver metastases while RECIST is a uni-dimensional measurement, we performed cubic root transformation of the data obtained from VE to facilitate reasonable comparisons with RECIST (Kundel and Polansky, 2003; Armato et al., 2004) . This is well supported by the fact that the definitions of partial response (PR), stable disease (SD) and progressive disease (PD) in VE are the cubes of their counterparts in RECIST (Eisenhauer et al., 2009) . The relationship between VE and RECIST was subsequently analyzed by Pearson correlation.
Results
There were 45 pairs of CT images for comparison in total (Table 2) .
23 out of 36 patients received cetuximab in addition to systemic chemotherapy due to the absence of KRAS mutation (De Gramont et al., 2000; Oxnard et al., 2006; Cassidy et al., 2008; Bokemeyer et al., 2009; Van et al., 2009) . Seven patients had 4 CT scans and one had 6 CT scans in total for further evaluation of tumor response after additional chemotherapy +/-cetuximab while the rest of 28 patients had only 2 sets (baseline and after treatment) Fourteen patients had more than 5 liver metastatic nodules and six patients had more than 10 liver metastatic nodules (maximum number of liver metastatic nodules was 16). Only the biggest and most discrete 5 lesions in these eleven patients were selected as target lesions according to RECIST but all liver metastases were contoured and their volumes obtained for VE.
Whole population analysis
There were 16 PR, 23 SD and 6 PD in VE, and 14 PR, 23 SD and 8 PD in RECIST, respectively. Cohen-kappa analysis revealed that VE was in good agreement with RECIST (κ=0.779) ( Table 3) .
Discordant OR between VE and RECIST was noticed in 6 pairs of comparison. Of these, SD was noted in RECIST while it was regarded as PR in VE in 3 pairs of comparisons. This was exemplified in Figure 1 in which a patient had stable disease revealed by RECIST but it would be considered as partial response by VE. The disproportionate asymmetrical shrinkage of tumours in the other two dimensions while maintaining the stability of the longest diameter of the target lesions accounted for PR by VE while still SD by RECIST. On the contrary, PR was noted in RECIST but it was SD in VE in one pair of comparison. The other 2 pairs of discordance exhibited PD in RECIST but SD in VE. After cubic root transformation of data in VE, Pearson correlation displayed an excellent correlation between VE and RECIST (r 2 =0.966, p<0.001). Logistic regression failed to identify any predictive factor to account for the difference in OR between VE and RECIST.
Subgroup analysis
As mentioned, there were altogether 39 pairs of comparisons in which the effect evaluation of liver metastases is the same in both RECIST and VE. Interestingly, for the enlarging lesions confirmed including 6 pairs of PD and 4 pairs of SD, VE showed better correlation with RECIST (r 2 =0.935, p<0.001) while the correlation was weaker (though still strong) for shrinking lesions including 13 pairs of PR and 16 pairs of SD (r 2 =0.780, p<0.001).
Discussion
There have been various previous studies comparing volumetric measurements against uni-dimensional measurements with contrasting results (Prasad et al., 2002; Tran et al., 2004; Heussel et al., 2007; Mantatzis et al., 2009 ). The study conducted by Tran et al and Heussel et al demonstrated good agreement (discordance rate 3.3% and 13% respectively) while Prasad et al revealed fair agreement only (discordance rate 31.6%) (Prasad et al., 2002; Tran et al., 2004; Heussel et al., 2007) . Our study result was in accord with that published by Mantatzis et al (Mantatzis et al., 2009) . In his study, magnetic resonance imaging (MRI) was used to evaluate tumour response in 57 patients with liver metastases from colorectal cancer. RECIST and VE were in good agreement when comparing patients' overall response and individual lesions (κ=0.735 and κ=0.741 respectively compared with κ=0.779 in our study). However, our discordance rate was 13.3% which was better than that in his study. One of the major differences between our study and Mantatzis' study was that we performed cubic root transformation of the data in VE before performing correlation analysis with RECIST. It was because VE is a three-dimensional measurement in which its data should be cubic-root transformed in order to allow meaningful comparisons with the uni-dimensional data in RECIST. In fact, we demonstrated excellent correlation between VE and RECIST after transformation was conducted. And we also produced highly comparable results by using multidetector CT scanner taking less than 20 seconds for a scan, obviating the need of at least 30 minutes for a MRI scan (Maughan et al., 2011) .
Though manually demanding and time-consuming taking at least 15 minutes to clearly differentiate tumours from adjacent structures like bile ducts, portal vein and inferior vena cava and complete volumetric contouring for one set of images, volumetric measurement should be praised for its superiority of accuracy and reliability over RECIST, as found to be especially practicable and reproducible in our patients with liver metastases only. Evolution of novel medical imaging tools may soon overcome this tedious and cumbersome manual task (Gavrielides et al., 2009) . Additional manual modifications of the contours of the target lesions are still necessary despite this novel auto-segmentation technique.
As VE reflects the actual change in size of the lesions and it has good agreement with RECIST shown in our study and previous literature, it makes us feel comfortable and confident to use the simpler method RECIST in daily clinical practice. However, our subgroup analysis offered us some new information. Of note, it was found that VE had better agreement with RECIST for enlarging lesions than for shrinking lesions. This interesting finding may imply that VE may be more useful in evaluating shrinking lesions of liver metastasis because RECIST was less sensitive as compared with VE. Of course, the number of patients in these subgroups was relatively small, which was one of the limitations of our study. Further studies are warranted to confirm this finding.
In conclusion, manual contouring based VE showed good agreement with RECIST for evaluation of tumour response of liver metastases in mCRC. Of note, it might be more sensitive especially in monitoring numerous, conglomerate and shrinking lesions in liver metastases, if the time of radiologists and oncologists is not a concern.
